Si wafers were laser peened in water by a Q switch YAG laser with an energy density f o ranging from 1 to 10 GW/cm 2 . To start with, morphology of the ablated surfaces was analyzed by a 3 dimensional optical microscope. When the energy density f o is higher than 5 GW/cm 2 , macroscopic cracking did not take place. Therefore, on three samples irradiated with f o ＝2, 3 and 5 GW/cm 2 , defect structures in the sub surface layers were examined by transmission electron microscopy comprehensively. When f o ＝2 GW/cm 2 , the ablated surface was quite smooth and no extensive damage was introduced in the sub surface region. However, close inspection showed that a subsurface layer about 200 nm thick contained a considerable density of small bubbles and a small number of dislocations running vertically towards the ablated surface. When f o ＝3 GW/cm 2 , the sub surface damaged layer became more profound with a much higher density of small bubbles and dislocations. On top of this, a considerable density of much larger bubbles were formed, on the inside wall of which quite a high density of fine crystalline particles were attached. It is concluded that these bubble containing layer must have been melted on laser irradiation. The bubbles must have been vapor Si formed in the liquid Si, which condensed on the inner wall on cooling. The vertical dislocations are misfit dislocation formed on solidification of the molten Si. However, in the matrix of Si underneath dislocations were rarely observed. This indicates that that region of Si that remained crystalline during the laser irradiation did not receive a stress strong enough to induce dislocations even at a high temperature just below the melting point. When f o ＝5 GW/cm 2 , underneath the bubble containing layer a high density of dislocations were introduced. However, most of these dislocations appeared different from the ordinary 1/2 〈110〉 {111} dislocations. Electron diffraction showed no evidence of the high pressure phases.
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Si wafers were laser peened in water by a Q switch YAG laser with an energy density f o ranging from 1 to 10 GW/cm 2 . To start with, morphology of the ablated surfaces was analyzed by a 3 dimensional optical microscope. When the energy density f o is higher than 5 GW/cm 2 , macroscopic cracking did not take place. Therefore, on three samples irradiated with f o ＝2, 3 and 5 GW/cm 2 , defect structures in the sub surface layers were examined by transmission electron microscopy comprehensively. When f o ＝2 GW/cm 2 , the ablated surface was quite smooth and no extensive damage was introduced in the sub surface region. However, close inspection showed that a subsurface layer about 200 nm thick contained a considerable density of small bubbles and a small number of dislocations running vertically towards the ablated surface. When f o ＝3 GW/cm 2 , the sub surface damaged layer became more profound with a much higher density of small bubbles and dislocations. On top of this, a considerable density of much larger bubbles were formed, on the inside wall of which quite a high density of fine crystalline particles were attached. It is concluded that these bubble containing layer must have been melted on laser irradiation. The bubbles must have been vapor Si formed in the liquid Si, which condensed on the inner wall on cooling. The vertical dislocations are misfit dislocation formed on solidification of the molten Si. However, in the matrix of Si underneath dislocations were rarely observed. This indicates that that region of Si that remained crystalline during the laser irradiation did not receive a stress strong enough to induce dislocations even at a high temperature just below the melting point. When f o ＝5 GW/cm 2 , underneath the bubble containing layer a high density of dislocations were introduced. However, most of these dislocations appeared different from the ordinary 1/2 〈110〉 {111} dislocations. Electron diffraction showed no evidence of the high pressure phases. (Fig. 2 (a) (a′ ) ). A very small density of vertical dislocations D1 and D1′ were observed. (b) and (c) are enlarged views of D1 in (a), imaged in the weak beam (WB) mode and the conventional bright field (BF) mode, respectively. D1 1 is apparently split. D1 2 is very wide with fringe contrast. These strongly suggest that both D1 1 and D1 2 are dissociated dislocations. Furthermore, small contrasts (most likely bubbles) were observed. This subsurface layer containing these defects is referred to as damaged layer 0. Fig. 4 Low magnification micrographs of 3 GW/cm 2 laser peened Si. (a) and (b) are very close with each other. In a subsurface layer down to 2 mm thickness (referred to as damaged layer I), beside the vertical dislocations D1 and small bubbles B1′ , which were observed in the damaged layer 0 in a 2 GW/cm 2 laser peened Si, much larger bubbles B2 were observed. The Si matrix was nearly perfect except one dislocation bundle D2. Therefore, these dislocations are dissociated glide set dislocations lying on (111) or (˜111) plane (For geometry see Fig. 1  (b) ). Fig. 7 Low magnification micrograph of damaged structure of a 5 GW/cm 2 laser peened Si. In addition to damaged layer I, a new damaged layer II, was observed. Thick dislocation bands GD1, GD2 and GD3 are apparent. Trace analysis of GD2 and GD3 shows that GD2 and GD3 do not lie on {111}. Among two possibilities other than {111}, that is, {112} and {113}, {112} is closer to the observation but not exactly so. GD3 is almost parallel to the trace of (˜21˜1), but its counterpart GD2 deviates considerably from (˜2˜11) trace. Furthermore GD1 appears much more complicated than GD2 and GD3. plane (see Fig. 1 (b) for geometry). They are also widely dissociated. D2′ is parallel to the trace of (˜1˜11), suggesting that D2′ lies on (˜1˜11) plane. GD3 runs along the trace of (˜21˜1).
Fig. 9
Another example of GD2 and GD3. Here, while GD3 is parallel to the trace of (1˜11) plane ((1˜11)tr), GD2 and GD2′ are not parallel to trace of (˜3˜11) nor (˜2˜11). Furthermore, GD2′ , which is thought to be a front runner of the thicker GD2, has a peculiar shape of chains or a necklace. Fig. 10 Detailed analysis of GD1. GD1 is composed of more than one slip planes. 
